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(54) POLYAMINO ACID OLIGONUCLEOTIDE CARRIER 

(57) A polyamino acid oligonucleotide carrier com- 
prising a poly(lysine-serine) random copolymer. The 
carrier combines with an oligonucleotide without caus- 
ing precipitation and releases the combined oligonucle- 
otide smoothly in a cell. Hence it is useful as a carrier for 
m vivo transportation of a drug for oligonucleotide gene 
therapy against various types of genopathy and viral 
diseases such as AIDS. Further it contributes greatly to 
the creation of various useful animals and plants, such 
as virus-resistant plants, by genetic engineering tech- 
niques. 
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Description 

Technical Field 
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vector which possesses a drug oligoriucleoSe S^^^^ transporting a plasmid Sna 

gonucleotide in cells, or a drug which contats as ^Xtf^^^^^^^^ '^^'^^^'^^ ^^A of the oi? 

against mRNA of viral gene. ^""^'^^ 'ngredient. oligonucleotide having a specific function 
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available many reports of /. vitro studies on oTgolZ.Sfsl^^^^^ T?"""^ '^^^ « 

aPpSetr r.^™^^^^^^^ ~ ve. I« to select an 

stance and solution of problems for this purpose are norbeL^^^^^ ^'J""^ development of such a carrier sub- 
jmportant problems for this carrier include eSn of pTsiS^^^^ ^P^^'"'^^"^' ^''^'-P'e. 

og.cal dynamics of administration pathways such astrtrav^i^Tu^nS^inlT/^ unfavorable in bio- 

tem including cell membrane permeability and imDrovrmJn^^^^^ Si ' ^f^'^^""^"^ °' a" efficient targeting sys- 
improvement of uptake efficieniinto cells "^P''°^«"'ent of life span and stability of oligonucleotide drugs and 

^r:^S£::S^ Sei^ SeTSra SS^'^ ^"T ^^^^^^ - —I co^l- 

otide to a target organ. ^ " '^'''^ "^''^^'^^ stably and efficiently carrying oligonude- 

example, an oligonucleotide drug in udii n ^f^' *° ^ biological membrane. Fo 

and at the same time, chemical or cellular speSSro^ heTdoScl^i? " °"9onucleotide is stable in liposome. 

tagerp:::::=^^^^^^^^^^ 

.oida. Chemical stability, and a ^X^^X^:^^ I^Sltr^Tj^T'"'' '""'r' '"^'"^ 
aTSerS."^-^^^-------^^ 

oniciS"JoC:S^^^^^^^^ 

and delivering the resultant ionic complex to or into tarLt S ?n? ♦ " °' ^ Po'y-amino acid 

4432 (1987), J. Biol. Chem., 263 UsVl 462^^^^^^^^ 130-135(1978), J. Biol. Chem., 262. 4429: 

nique is based on the fact that oligrnucleotSSdl^ i^^^^^^^^ "^''-^^'^ (^^^O)). This tech- 

as e-amino group of lysine (Lys) residue. ^^BM^r^S^^^l^^^^^ to a cat.onic side chain of amino acid such 
Natl. Acad. Sci. U.S.A. 84 648 651 flQayn -^^.^^^ ^ relatively stable complex (Lemaitre. M., et al Proc 

generation of precipitaiioa In aVthL^S e ^^^^^^^^^ °' --P'exes l^ads^S 

For example, poly-L-Lvs (PLL\ is a woii i,™T complexes are cationic heterogeneous ones 

U.S.A,. 75, 3867-3'879^19%^.'lti ^nownl^^^^^^^^^ ^ Z""- '^'"^ ^-^ t'" 

formation of complex with PLL makes oligonuc eotide p e^en st^fv IJ '7 f ^^^V stable, and 
chem., 151, 319-325 Maa'?^^ Ur,^^,a^,^. th • • Present staply against nuclease (B. Bayard, et al Fur I Rin 

ited by the problem of'pr2£.rtrT ij : :ZLTZ"T::::ST.'. °' ^.^o::£o^-i, z 

problem increases their mixing concentrations rus lSfna fo an ir^nr^ f '^, f°'f °" °' complex-precipitation 

In addition, it is reported that uotake of 1 r^V.l !^ ?J improved stability of oligonucleotide. 
(Wu, G.Y. and Wu, 0 ^ 60^0?^ 27 88?^^^^^^^^^^ 

partial chemical modification of PLL i:c;eases spec'^^^^^^^^^ "f " "^^^^ '^^^ 

Natl. Acad. Sci. U.SA., 87. 3410-3414 (1990)) SriteL/on m.^H^. ! P^oc. 
onstrates that PLL exerts an effect on cell mlUr.nr.rr: ^een clar^ied, a report dem- 

complex formed by covalent bond of PLL and oSuc eo?d?^.Sr^ oligonucleotide, and another, that the 
Fechheimer, et al., Proc. Natl. Acad. Sci. JsA 84 stea^sie^ *° '"^'^'^^^"^^ ^'^ 

above has not as yet been solved even with these reports ^ °' Precipitation as described 
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As another serious problem. 



1S 



cleotide and that with PLL, and report that as a msult S ; f ^ . o ^.'''''"' ^ ^t^^^^isomer of PLL, with oligonu- 
ble than that with PLL, bu is more^Sce ls ? ZhoS 'tTp' '[''"'■^"^fMM is biologically more sta- 
it is thus ascertained that the oligonuc eo^^etmplefwSh ^.^"^ ^'^^^^^^m Although 

toxicity has not as yet been solved. From the S^ TXl o^rti^, less cytotoxic than that with PDL, the problem of cyto- 
weight of up to 14,000 exhibits no cytotoxSyT^t eoneW S ^.^«Pf P°jnts out that PLL having a moleoSar 
Plexisnot however suitable asadrScarrler^^^^^^^^^^^ 

ir.n.unSi;Lt vCsnCorLd 1^^^^^^ complementary to the .RNA of tat gene of HIV (Human 

They thus ascertained that'^ro the 'Z^^^^^ "'^^ oligonucleotide complex with PLL 

sense alone (P. Degols. et al., Antiviral F^^s Tj l^^zT S^^^^ "'S*^ °' ^"«- 

have a gene inhibiting effect of the antisense ollgonuclSwe °^ ^^L can thus be deemed to 

to apply such a cationic natural protein and catlonio svnthS.!i, " '^^^ been believed difficult 

these circumstances, there has been an inaeSnn 11 h 1 r'^'^""'"" ^'"^ *° « drug carrier. Under 

transported into body, free fromSji^Zrrn^rr^^^^^^^^ 

20 Disciosure of Invention 

» Of «,ch a oo,^u«, „«, oll,o„„Ltld »^ 1 S »SnTJ„™ ^^^^^ 0.5„»ol««d,, and a co^,„ 

Brief Description of Drawings 
SVlliutref^^^^^^ 

oligonucleotide and absorbance of the cTrSplex P°'y-am,no acds having formed an ionic complex with 

presS inJ^nS^' "^""^ °' electrophoresis of oligonucleotide having formed a complex with PLS carder of the 
and DRa — ons of poly-amiro acidic carrier for forming a complex with oligonucleotides R32 

Fit^fi'^T fh'r '!lV>°n°'"'''*'°" °* Poly-amino acidic carrier and oligonucleotide dU119 
respectively. eieciropnoresis of R32 after reaction with PLS (3/1) and PLS (1/1) , 

with pLCraTdfc ^""^^^ — °' Oligonucleotide having formed a complex 

Plex wSh p'^trotirSr ' ^'^'^'^^^^^ Oligonucleotide H32 having forming a com- 

compSx ^th roramiro^'Sf;^^^^^^ ^'■"'^^^^^ ^"^ °''9--eotide pU1 19 having for.ed a 

55 Best Mode for Carrying Out the Invention 
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13 ™ 



CH--CO-( NH-CH-CO )m -( NH-CH-CO )n -NH-CH-COQ- 



NH3* 



20 EXAMPLE 



35 weigh?'*""' '^"'"''^ ^"^^^ '^^^^■P^'-) ^= - oligonucleotide having a large molecular 

(Labels of poly-amino acid and oligonucleotide) 

DTT, 100 mM MgCy , 1 ,1 of T4 polynuclease (10 units/ ,1). and ImI of y -^^P ATP, and then reacting for an hou^ It 37^a 
(Measurements of absorbance, formation of complex, and generation of precipitation) 

Turbidity or generation of precipitate caused by the formation of the ionic complex of poly-amino acids and olinnn., 
Fi^ /r' by measuring absorbance at 360 nm of the slC Tresut are sSn in 

zSon inle^rStion%T^^^^ oligonucleotide was 5 pmol/m. Respective concentrations o fharge ne^^^^^^^ 

:trrpX="Zii^^^^^^^^^^ 

The results of absorbance measurement demonstrate that, when usina PLL tv^mw - nno^ ao ^^i 

T^r "^^^ ^ -cers wniS tiofoJirmtJ:^^^^^^ 

pated When changing the molecular weight of PLL (4,600, 20,500 and 37,200) i e for PLLs (2 (^^nrt ^ T^T , 
were the same. When using PLS (3/1) random copolymer of the present inventioi co^LnLg afoutlSh^;^^^^^^^^^^ 
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in PLL, in contrast charge was neutralized, and no turbidity was observed even at a concentration at which fnrm«tinn 
dues mto PLL, and suggests a high effectiveness of PLS of the present invention as a biologS™r 



(Electrophoresis) 



nh.t?'^°""*"r*''^.^..®'"'""'*^ electrophoresis in the positive charge direction because of the neqativelv charo^ nh„c 

PL'^Tnnr^Jr u^' ^^^""^""P^'^^'^ ^^sulted In a decrease in mobility of oligonucleotide along with an Increase in 

ciSide wSSl^^^^^^^ °' ' °^ '^'^^^a^- "° eiectrophor^^s ofTgonu 

Suite """"^ concentrations upon formation of the complex was estimated on the basis of These 

{Membrane separation and complex forming concentration) 

nn«i1nh5^'ir*'r" '"^.^ ^^"^"^ ^ fractionating membrane through which the formed complex can not pass (a centrif 

laSl^ P AT^fnd f"' ""^^^ Millipore'co"panT) wa^pS ; 

laoeiied with P-ATP and was filled with oligonucleotide of which 32p content had been measured Thte ^n^rtinn 
po^-arnino acids solution were mixed at various ratios, and then each mixture Ss S fn hf tuS^^^^^^ 
separation to measure the ^^P content in free oligonucleotide in the filtered solution. Finally tSe quanStvSthe formS 

menttonj;rbovf„f'^r'!r '^^'^'"Q =°"<=«"'^3«°"S ^'^-'y well agreed with values determined from the measurements 
soSn ^bsorbance and electrophoresis. In the case with PLS. no turbidity was observed in the complex 

Ii^rnr,? Tif r'"^ concentrations of oligonucleotide and poly-amino acids were limited from these results 
. .il JZ I' "^""^^'^ ' 'f^^* oligonucleotide forming a secondary structure such as 

fecSX w r f.^"^ *° ^""^^ ^^^'"9 « ^-9'on. This can naS y be con 

dl^^n^nnL. =f T "T °' ^^^^^ therefore, the extent to which the molecular weight and three- 

dimensional structure of oligonucleotide effect on bonding with poly-amino acids was investiqatif This wL accord 

o elw : TbTsST^^^'^^ °" "^"'^^"^ comprises kinrofX^^^^^ 

with rhfincri'lrt? m r"'^' ^ """'^""-"^ two kinds of oligonucleotide Along 

with the increase in the PLL concentration, formation of the complex of DRD 12 and PLL was accelerated lor^^rh f7n=»^ 
a quan^ty of complex formation (assoclation/%) of 80%. That of fhe complex of PLL and^sl was n c«^^^^^^^ 

tr;i ' ''^^r ''f '^'"P^^^ ' nnear-M oligonucleotide, it is r^ore dS for sj^^^^^^^^^^ 

ture oligonucleotide to bond to poly-amino acids having Lys as the main chain secondary struc 

nrp.?n"t!nl°^®' ^,^"1.' °* o«9onucieotide exerted no effect on bonding of oligonucleotide to PLS of the 

pr^er^^t invention. In all cases, bonding of PLS to oligonucleotide proceeded with the increase in the ^S concentrSion 
to inally reach a quantity of complex formation of PLL-DRD12 or PLS-R32 of 100%. ParticulalrpS M/rconS^^^^ 

the f^ct tha i'n^sS Sl?d'''''h"""' VZt '^""P'" ^ ^^^^ ^^^'^ ^ considerl^ aiibSe to 

,f T ^^"""9 ^ ^l^s'^'o" increases freedom of PLS as a whole thus permittlna 

wis thus laST, °' f *° oligonucleotide having a speckle three-dimen^^a stSre Tt 

was thus clarif ied that at least regarding conformation of oligonucleotide, the novel carrier of the present invention did 
no imit drug oligonucleotide. This result suggests that the carrier of the present inventlon!s parSS^u Zfor franf- 
port ,n v vo of an ant. sense drug or a liposome drug for which research data have recently been SasS 
h«,Ar K T^"^"'^ °" °^ ^ ^°'^P'«'< o' poly-amino acidic carr er Jth^asS Si 19 (3162 

(32 bases). Results were as shown in Fig. 5: the carrier PLS of the present invention exhibited a sigSn Iv hiaher 
complex forming ratio (about 40%) than the conventional PLL carrier (about 30%) with oligonudeotide (pUI S h^Siq 
a high molecular weight, although it showed a lower complex forming atlo than DRD12 orTgstving mLecular 



so 



25 



30 



35 



40 



45 



SO 



55 



EP 0 727 223 A1 

(Capillary electrophoresis) 

Channel DMecKr made by ota*a EimTTr™ ,T t "^"^l-S""' MOPD-3600 Spectre Multi- 

{Stability of oligonucleotide) 

decomposed w,th time, and no complete oligonucleotide was observed after the lapsVof STSour ' " 
In he case of oligonucleotide protected by the formation of a complex with PLS (3/1 ) in contrast -^o, k, 
present even after the lapse of 24 hours. For oligonucleotide having forrSed a compiS wi^ PL^ vi ^ SJin cf ' 
dues, more than 90% were stably present even after the lapse of 24 hours ' ^ 

.m.rt^ demonstrate that the cationic PLS carrier of the present invention, when bonded with an olimnnHa 
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(Release of oligonucleotide) 

same as that ol PU. This suggasK a possiblllly thai. In Mood <ph. 7.0). man, hi «X« ^PLS rS.!^ !^ 

o'Sd^^Sorr^rr-"'''"^""'*"-"'-'-*"^ 

On the basis of the above-mentioned results of measurement of absorbance. electrophoresis and memh«na 

pl1./min:r«h - ^AT^P^'TV r ^^^^^ ""^-^ --^^ antrnuc"oS RsT^ 

pmoi/ml) labe led with P-ATR and solutions of complexes thereof were prepared A complex solution in whVrh fh! 
complex was in an environment within a pH range of from about 3 to about 1 0 was prepar^b^ ad u2na oH^ht S 
addition of 1N hydrochloric acid or 1N NaOH. Each of these solutions was tran^ rStn u'tSiSfon 

The amount of ^^P in the filtered solution was measured, and the amount of free oligonucleotide was determlnpri 
Tn Fig a *° °' " *° -"-nt o?-R ^e r^t ^sh^ 

nM ^^"""^ ^ poly-amino acidic carrier begins to be released from the carrier at a 

pH of up o 6. At the proximity to pH of 3 on the acidic side, the PLS carrier of the present invention showjl a dissoo, 
S?H?^f °Jrt".°'n °' "^'^^ ^ °' only 75%Trtic!!ari^^^^^^^ 

.5 ^L^and P^S i i;:S 'T r'"r '^^^^ - '---^•^-'^'^ diffeVn e between 

hv thrpi Q ,?K ^ ""^ ^^''^ description, oligonucleotide such as virus-inhibiting gene delivered into ceH 

dtZitsorS^^^^^^ 

showrit' Fi?"it It pT^?im*-^l° °" Oligonucleotide pU1 19 having a high molecular weight. The results are as 
h i ^' ^ ^ ^^'^^ (P^^= 3) released 100% pUl19. Although not 100% PLS f3/ii 

P^'r ^Tp!",'"' '""^"'"^ ^^"^ ^ °* 5. the same condition as l'ysos^me the diterence 

ll^^Zui ^. , r-'^arkable. It was confirmed from this result that the carrier PLS of the p^ent inveS 

tofor thi like ' °^ ' "'"'^"^ '^"^ °' « P'-^-^'d eireS vec 

35 Industrial Applicability 

Poly-amino acidic oligonucleotide-carrier of the present invention is bonded to oligonucleotide without causina ore- 
apitat-on, and smoothly releases the bonded oligonucleotide in cells. It is therefore useful as an /. Janjor cafr er 
of an Oligonucleotide drug against various genetic diseases and viral diseases such as AIDS. It also maSs a gre^^^^^^^^ 
°" °' '""'^ '""'^'^ P'^"*^ ^"^'"-""9 technique, incZg ^Js-Sstant 

Claims 

45 1 . A poly-amino acidic oligonucleotide-carrier comprising a poly-lysine:serine random copolymer. 
,?Sa^lro1fom 
" :rJrSSn?rrgr'^^^^^^^^^^ 
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Pig. 1 



5'- G^CCUC CCCGG -3' 
(n) 



CGGCAAAGCCGGAAAGCCGGAGUAGUCGGGGC - 

(b) 



Underscored portions represent DNA. 

— ^ i 
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Fig. 2 




Poly-amino acids concentrati on/lE-5M (ixlO 
Oligonucleotide concentration: 5 pmol/jjl 
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Pig. 3 



Lane 1 1E-5M (IxlO-^M) PLS 

Lane 2 2E-5M (2xiQ~'H) PLS 

Lane 3 5E~5M (5xlO-SM) PLS 

Lane 4 8E-5M (SxIO ^m) p^s 

Lane 5 1E-4M (lxlO-*M) PLS 
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Pig. 4 
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Fig. 5 
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Weight//zg of pU119 
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Fig. 6 
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i b ) 



Holding time (min) 



( c ) 
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(b):PLL-DRD12 




(c):PlS-DR012 



Holding time (Min) 
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Fig. 7 



'^^'^ PLS (1/1) 



0.08 1 3 6 24 

Undecoiposed 

R32 Si M Mi mm 



Oecowposed ^ 
R32 
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Fig. 8 
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Pig. 9 
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Fig. 10 

□-— pUlig from PLS(1/1) 

O pU119 from PLS(3/1) 

-— O---. puiig from PLL 
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